An overview of waste-water treatment alternatives in South Africa is presented. A comparison of the capital, operating and maintenartce costs of biological filters, bio-discs, stabilisation ponds and an extended-aeration-activated sludge system suggest that stabilization ponds may be regarded as a low cost, low energy waste-water treatment system. However, in some instances, due to legal and land requirements they are not appropriate. In these instances a number of interacting factors play a role in determining the lowest cost option. The capital construction and operating costs of constructed wetlands are similar to those of stabilisation ponds but due to lack of full scale operational information they are not yet widely used as a waste-water treatment system.
INTRODUCTION
South Africa has limited water resources being situated in a semi-arid area of the globe that is prone to drought. In some metropolitan areas demand for water has exceeded supply necessitating the import of water from under-utilized sources (Anon 1986 ). In addition South Africa has a rapidly expanding rural and urban population. Projections on the anticipated demand for water by various sectors in the South African economy indicate an almost trebling in demand over current usage for power generation, domestic consumption and indusoial use (Anon 1986) . In order to protect the surface waters from an increasing pollution load and to encourage water reuse, a Water Act was passed in 1956 which for the ftrst time permitted the discharge of treated effluents of acceptable quality into surface waters. Prior to this effluents from treatment facilities were discharged onto land sites designated for this purpose. Application rates varied from 25 cubic metres!hectare/day to 112 cubic metres!hectare/day (Murray 1987). �n 1962 a government notice w � s published whic� sti � ulated the quality criteria required for the discharge of effluent mto water courses. These reqUirements were revised m 1984, and two separate standards were laid down .
I)
Special Standard -applicable to effluents to be discharged into scheduled sensitive catchments.
2)
General Standard applicable to all areas except those mentioned in the scheduled areas where conformity with the Special Standard is implicit. '
The quality criteria applicable to the two standards are listed in Table 1 . Where waste-waters do not meet these standards special permission must be obtained before the waste-waters can be discharged into a water course or the sea.
In addition to these standards, the Department of Health published a guide setting out the permissible use and disposal of treated sewage effluent (Health Act 1977) . It is against this background that there has been a need to develop and implement water treatment technologies that are suitable to the low technology approach essential for re1iable operation in the rural areas whilst meeting the high standards of purification as set out in the Water Act of 1962 and revised in 1984.
This paper presents an overview of the major curre nt waste-water treatment practices in South Africa with the objective of meeting the General Standards in the light of the prevailing regulations, conditions, performance and economics. Waste-waters originate from a variety of sources in Southern Africa. It is beyond the scope of this paper to explore the waste-water treatment options for industrial effluents hence the term waste-water in this paper refers to waste-waters arising from domestic sources.
There are two current approaches to sanitation in South Africa. These include a) on-site disposal, b) off-site treatment and disposal or discharge into watercourses. Dry on-site sanitation disposal systems such as pit latrines, VIP and VIDP latrines are widely used in many rural and informal settlement areas where households or communities do not have ready access to water. This paper deals with off-site treatment, where individual households have a piped water supply, a fully reticulated waste-water conveyance system and a centralised waste-water treatment facility.
The four most common waste-water �atment systems encountered in South Africa are i) activated sludge systems (mainly extended aeration), ii) Biofilters, iii) rotating bio-discs and iv) waste stabilisation ponds (Prinsloo et al. 1990 ).
The basic components of the four systems are summarised in flow diagrams presented in Fig. 1 .
ECONOMICS AND PERFORMANCE OF WASTE-WATER TREATMENT SYSTEMS
The costs of waste-water treatment systems vary according to the size of the contributing population and the choice of the waste-water treatment system.
In order to compare costs of the various waste-water treatment alternatives used in South Africa, a contributing population of 5 000 (pe) is assumed for design purposes, which is considered to be representative of a small to medium sized community and a flow contribution of 150 litres/per capita/day. A Biochemical Oxygen Demand of 60 g/per capita/day has bee n used for each of the designs.
CAPITAL CONSTRUCTION COSTS
A comparison of the capital construction costs of the four waste-water treatment systems (Table 2) show that stabilisation ponds have the lowest construction costs, whilst biological filters have the highest The construction cost of a rotating bio-disc in Table 2 is lower than that of an extended aeration activated sludge system, although this cost does not include the cost of a septic tanklsedimentation tank which precedes the rotating bio-disc. The inclusion of a sedimentation tank in this system would increase the civil costs by US $ 14 000 , resulting in a total cost of US $ 414 000 . Flow diagrams of the four systems commonly used to treat domestic waste-waters in South Africa.
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In addition to the capital construction costs,each of the above systems incur annual operating and maintenance costs ( Table 3) . Both the extended aeration activated sludge system and the biofilter system have similar annual operating costs, approximately US $ 30 000 . Annual running costs of stabilisation ponds are considerably less than the above two systems, while the running costs of the rotating bio-disc are approximately two thirds that of both the biofilter and activated sludge system. Additional maintenance costs will however be required for the maintenance of the septic tanklsedimentation tank associated with the rotating bio-disc. Although stabilisation ponds have the lowest construction and annual running costs, they have two major constraints which limit their more widespread use, i.e. large areas and the qualit � of the final effluent In this case-study the pond surface area, excluding the pond walls, occupies an area of 9 540 m as compared to the other three systems which require approximately a third of this area. Additionally it has been found that a stabilisation pond system, no matter how well designed, is not capable of producing an effluent of General Standard quality throughout the year and it becomes necessary to irrigate the effluent in accordance with the guidelines set out in the Health Act, 1977 (Murray, 1987 . Thus stabilisation ponds are typically used where land prices are low, the topography is suitable and where the effluent can be irri gated.
Of the remaining three waste-water treatment systems all are capable of producing effluents meeting the General Standard ( Table 4) . Despite the lower costs associated with rotating bio-discs, both biological filters and extended aeration activated sludge systems are generally favoured for treating waste-waters from small to large communities (Prinsloo et al. 1990) . The reasons for this can largely be attributed to the lack of maintenance and resultant poor effluent quality associated with the rotating bio-disc systems (Wium et al. 1990) . Recently there has bee n a swing towards the use of extended aeration activated sludge process in preference to biological filtration principally because of the relatively low cost of electricity and the ability to achieve greater nutrient removal (Murray 1987). 
CONSTRUCTED WETLAND: A POSSIBLE ALTERNATIVE W ASTE-WATER TREATMENT SYSTEMS
Recently interest has been shown in the use of constructed wetlands as a low cost, low energy waste-water treatment system. This interest sterns largely from results obtained from constructed wetlands in Europe and the United States of America (Hammer, 1989) , and lately in South Africa. There are presently approximately 30 constructed wetlands either in operation or under design and construction in South Africa to treat a range of industrial and domestic waste-waters (Wood, 1990) .
As wetland technology is still in its infancy in South Africa very little design information is available to cost aconstructed wetland for waste-water treatment accurately. An estimate of the costs of a constructed wetland, using the same considerations as were used for the calculations in Tables 3 and 4, using loading rates from pilot scale studies (Wood 1989; Wood and Hensman 1989; Batchelor et al., 1990) , is approximately US $ 36.7 x 10'. Maintenance and operating costs are considered to be equivalent to those associated with oxidation ponds (i.e. US $ 1.4 x 10' annually) and the area required is approximately half that of oxidation ponds.
In at least three instances wetlands have bee n constructed as a component of a conventional waste-water treatment system to polish the final effluent and to provide sedges which can be harvested and used for craftwork.
The effectiveness of constructed wetlands for polishing final effluents can be gauged from the results presented in Table 5 . As a result of poor biofilter performance due to the load exceeding the design capacity (cf. Table 4 ) of the system, a wetland was considered to be a more cost effective addition than additional biofilters. This constructed wetland improved the effluent quality (Table 5 ) although poor hydraulic permeability of thesubstratum�sulted in short circuiting and surface over-flow which contaminated the final effluent (Wood, 1990) .
As more operational information becomes available from recently implemented full-scale wetlands, it is likely that designs will improve leading to an improved waste-water treatment and subsequent greater acceptability.
SUMMARY
A review of the capital construction and annual operating costs of four typical waste-water treatment systems encountered in South Africa suggest that stabilisation ponds are the lowest cost option.
Their large area requirements and their inability to produce an effluent meeting the General Standard,however,lirnits their use to areas where land prices are low and where the effluent can be discharged onto land for crop restricted irrigation.
Of the other systems considered in this paper recent trends tend to favour the extended aeration activated sludge process, because of their ability to reduce nutrients and their lower capital construction costs. Biofiltration systems are however used in rural areas where sites permit gravity feed and reduce pumping and associated maintenance costs.
Constructed wetlands for waste-water treatment have at present not been widely used, due largely to the lack of full scale, long term operational information. Together with an improved understanding of the components of the systems and practical design criteria the future of constructed wetlands looks promising, as their capital construction and annual operating costs are likely to be similar to stabilisation pond systems, while the effluent quality is better.
